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METHODS OF REMOVING FILTER 
CAKE FROM WELL PRODUCING ZONES 

Background of the Invention 

1. Field of the Invention . 

[00011 The present invention relates to methods of removing filter cake deposited by well 
drilling or servicing fluids from well producing zones. 

2. Description of the Prior Art . 

[0002] The use of special fluids for drilling or servicing hydrocarbon producing formations 
penetrated by well bores is well known. The drilling fluids are utilized when well bores are 
drilled into producing zones to minimize damage to the permeability of the zones and their 
ability to produce hydrocarbons. Servicing fluids are utilized when completion operations 
are conducted in producing zones and when conducting work-over operations in the zones. 
The drilling and servicing fluids deposit filter cake on the walls of the well bores within the 
producing zones which prevents the drilling and servicing fluids from being lost into the 
producing zones and prevents solids from entering the porosity of the producing zones. After 
the drilling or servicing of a producing formation has been completed, the filter cake is 
removed prior to placing the zone on production. 

[0003] The removal of the filter cake from a producing formation has been accomplished in 
the past by including an acid soluble particulate solid bridging agent in the drilling or 
servicing fluid for bridging over the formation pores. The filter cake formed by the drilling 
or servicing fluid has heretofore been contacted with a strongly acidic solution so that the 
acid soluble bridging agent is dissolved. The acidic solution has been allowed to remain in 
contact with the filter cake for a period of time sufficient to dissolve the bridging particles. 
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In spite of efforts to avoid it, the strongly acidic solution has often corroded metallic surfaces 
and completion equipment such as sand screens and caused their early failure. The strongly 
acidic solution can also be incompatible with the producing zone and cause damage thereto. 
[0004] Filter cake often needs to be removed from the walls of open hole well bores 
penetrating producing zones in competent sandstone, in screen only open hole completions, 
in open hole carbonate wells and in gravel packed wells. However, the removal processes 
employed heretofore have often caused at least some damage to the permeability of the 
producing zones. 

[0005] When the producing zone penetrated by a well bore is in an incompetent formation, i.e., 
a formation which contains loose sand and fines, gravel packs are commonly placed in the 
well bore adjacent to the incompetent producing zone to prevent the migration of the loose 
sand and fines with fluids produced from the zone. In forming a gravel pack in a producing 
zone penetrated by a well bore, a sand screen is typically positioned in the well bore adjacent 
the producing formation. A crossover tool which supports a packer is connected to the sand 
screen and to a pipe string. The packer is set by pipe movement or other procedure, and the 
crossover is a subassembly which by pipe movement or other procedure selectively allows 
fluids to flow from inside the pipe string to the outside of the sand screen, i.e., to the annulus 
between the sand screen and the walls of the well bore, and from the outside of the sand 
screen below the packer through the sand screen and the crossover to the annulus above the 
packer between the walls of the well bore and the pipe string. In operation, gravel, usually 
graded sand, is mixed with an aqueous carrier liquid, and the liquid containing the gravel is 
pumped down the pipe string through the crossover into the annulus between the walls of the 
well bore in the producing zone and the sand screen therein. The sand screen prevents the 
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gravel deposited in the annulus from flowing through the sand screen but allows the carrier 
liquid to do so which is conducted through the crossover and upwardly through the annulus 
between the pipe string and the walls of the well bore to the surface. In this manner, a gravel 
pack is produced in the producing zone between the walls of the well bore penetrating the 
producing zone and the sand screen therein. The well is then produced by reversing the 
crossover tool and flowing fluids from the producing zone through the gravel pack and sand 
screen whereby migrating formation sand and fines are separated from the produced fluids 
and the produced fluids flow upwardly through the pipe string to the surface. The gravel 
used can be coated with a hardenable resin composition which hardens after placement of the 
gravel and forms the gravel into a hard permeable mass. 
[0006] The removal of the filter cake formed on the open hole walls of the producing zone can 
be accomplished prior to the formation of a gravel pack therein. However, without the filter 
cake on the walls of the producing zone, the carrier liquid utilized to place the gravel will 
readily flow into the producing zone making the gravel pack very difficult to place in the 
producing zone, particularly when the well bore penetrating the zone is horizontal. In 
addition, the producing zone can be damaged by the flow of the carrier liquid and fine 
particulate material into the producing zone. In order to prevent the loss of the gravel carrier 
liquid, damage to the producing zone and/or the collapse of the well bore, the filter cake 
formed by the drilling or servicing fluid has been removed after the gravel pack is in place. 
However, the sand screen and gravel pack often prevent access to the entire filter cake and 
many post gravel pack treatments to remove the filter cake are only partially successful or 
not successful at all. 
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[0007] Thus, there are needs for improved methods of removing filter cake from well 
producing zones after gravel packs have been formed therein. 

Summary of the Invention 

[0008] The present invention provides improved methods of treating open hole producing 
zones penetrated by well bores to remove filter cake therefrom without damaging the 
permeabilities of the producing zones. 

[0009] The methods basically comprise the following steps. An aqueous carrier liquid 
containing a carboxylic acid ester and a base capable of slowly catalyzing the hydrolysis of 
the ester and forming a carboxylic acid salt therewith is introduced into a producing zone 
containing filter cake comprising a bridging agent soluble in a carboxylic acid salt. 
Thereafter, the base is allowed to catalyze the hydrolysis of the carboxylic acid ester to form 
the carboxylic acid salt so that the carboxylic acid salt dissolves the bridging agent whereby 
the filter cake is removed. 

[0010] The methods are particularly useful in removing filter cake comprising bridging agent 
from an open hole producing zone after placing a permeable gravel pack therein with an 
aqueous carrier liquid. The methods comprise the following steps. A carboxylic acid ester 
and a base capable of slowly catalyzing the hydrolysis of the ester and forming a carboxylic 
acid salt therewith are combined with the aqueous carrier liquid. Gravel is then combined 
with the carrier liquid and the carrier liquid containing the gravel is introduced into the 
producing zone to form a permeable pack of the gravel in the well bore adjacent to the 
producing zone. The base catalyzes the hydrolysis of the carboxylic acid ester and forms a 
carboxylic acid salt therewith in the carrier liquid remaining in the producing zone and the 
carboxylic acid salt is allowed to dissolve the bridging agent so that the filter cake is 
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removed. Thereafter, formation fluids are produced from the producing zone through the 
gravel pack to the surface. 
[001 1 ] The objects, features and advantages of the present invention will be readily apparent to 
those skilled in the art upon a reading of the description of preferred embodiments which 
follows. 

Description of Preferred Embodiments 

[0012] The present invention provides improved methods of treating open hole producing 
zones penetrated by well bores to remove filter cake therein without the use of strongly 
acidic solutions such as hydrochloric acid after placing a permeable gravel pack therein. The 
filter cake comprises a bridging agent which is soluble in carboxylic acid salts. Examples of 
bridging agents that can be used include, but are not limited to, calcium carbonate, 
magnesium oxide, manganese oxide, zinc oxide, zinc carbonate and calcium sulfate. Of 
these, calcium carbonate is preferred. The carboxylic acid salt soluble bridging agent is 
dissolved and removed from the producing zone after a permeable gravel pack is placed in 
the zone with an aqueous carrier liquid. 

[0013] A method of this invention for removing filter cake containing a bridging agent soluble 
in a carboxylic acid salt from a formation fluids producing zone comprises the following 
steps. A carboxylic acid ester and a base capable of slowly catalyzing the hydrolysis of the 
ester and forming a carboxylic acid salt therewith is introduced into the producing zone. 
Thereafter, the base is allowed to catalyze the hydrolysis of the carboxylic acid ester to form 
the carboxylic acid salt so that the carboxylic acid salt dissolves the bridging agent and the 
filter cake is removed. 
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[0014] Another method of this invention for placing a permeable gravel pack in a formation 
fluids producing zone penetrated by a well bore and for removing filter cake therefrom 
comprising a bridging agent which is soluble in a carboxylic acid salt basically comprises the 
following steps. A carboxylic acid alkyl ester and a base capable of slowly catalyzing the 
hydrolysis of the carboxylic acid alkyl ester and forming a carboxylic acid salt therewith are 
combined with an aqueous carrier liquid. Gravel is combined with the carrier liquid, and the 
carrier liquid containing the gravel is introduced into the producing zone to form a permeable 
pack of the gravel in the well bore adjacent to the producing zone. Thereafter, the gravel 
pack has been placed, time is allowed for the base to catalyze the hydrolysis of the carboxylic 
acid ester and to form the carboxylic acid salt therewith in the carrier liquid remaining in the 
producing zone and for the carboxylic acid salt produced to dissolve the bridging agent 
whereby the filter cake is removed. Thereafter, formation fluids are produced from the 
producing zone through the permeable gravel pack to the surface. 

[0015] As mentioned above, the drilling or servicing fluids utilized in the open hole producing 
zone to form a filter cake thereon prior to when a gravel pack is formed therein must include 
a carboxylic acid salt soluble bridging agent including, but not limited to, those described 
above. Preferred such bridging agents include calcium carbonate and magnesium oxide. Of 
these, calcium carbonate is the most preferred. 

[0016] The aqueous carrier fluid which is utilized for forming a gravel pack in the producing 
zone can be selected from the group consisting of fresh water, unsaturated salt solutions and 
saturated salt solutions including brine and seawater. Preferably, the carrier liquid is an 
unsaturated salt solution. 
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[0017] A variety of carboxylic acid esters can be utilized in accordance with this invention. 
Examples of such carboxylic acid esters include, but are not limited to, ethylenediamine- 
tetraacetic acid monomethyl ester (NCHzCHiKKC^COiH^C^COiCI^); ethylene- 
diaminetetraacetic acid dimethyl ester (NCM^NXC^^HMC^CCbCr^; 
ethylenediaminetetraacetic acid trimethyl ester (NCH 2 CH2N)(CH2C02H)(CH2C02CH3) 3 ; 
ethylenediaminetetraacetic acid tetramethyl ester (NCH2CH2N)(CH2C02CH3)4; 
ethylenediaminetetraacetic acid monoethyl ester (NCH2CH2N)(CH2C02H)3- 
(CH2CO2CH2CH3); ethylenediaminetetraacetic acid diethyl ester (NCH 2 CH 2 N)- 
(CH 2 C02H)2(CH2C0 2 CH2CH3)2; ethylenediaminetetraacetic acid triethyl ester 
(NCH 2 CH2N)(CH2C02H)(CH2C02CH 2 CH3)3; ethylenediaminetetraacetic acid tetraethyl 
ester (NCH2CH2N)(CH 2 C02CH2CH3) 4 ; ethylenediaminetetraacetic acid mono-2-hydroxy- 
ethyl ester (NCH 2 CH2N)(CH2C02H)3(CH2C02CH2CH 2 OH); ethylenediaminetetraacetic acid 
bis-2-hydroxyethyl ester (NCH 2 CH2N)(CH2C02H 2 )(CH 2 C02CH2CH20H)2; ethylene- 
diaminetetraacetic acid tris-2-hydroxyethyl ester (NCH 2 CH2N)(CH 2 C02H)- 
(CH2C02CH2CH20H) 3 ; ethylenediaminetetraacetic acid tetrakis-2-hydroxyethyl ester 
(NCH2CH2N)(CH2C02CH2CH 2 OH)4; ethylenediaminetetraacetic acid monopropyleneglycol 
ester (NCH 2 CH 2 N)(CH2C02H)3(CH2C02CH2CH(OH)CH3); ethylenediaminetetraacetic acid 
bispropyleneglycol ester (NCH 2 CH2N)(CH2C02H)2(CH2C02CH2CH(OH)CH 3 ) 2 : ethylene- 
diaminetetraacetic acid trispropyleneglycol ester (NCH2CH2NXCH2CO2H)- 
(CH 2 C0 2 CH2CH(OH)CH3)3; ethylenediaminetetraacetic acid tetrakispropyleneglycol ester 
(NCH 2 CH2N)(CH2C02CH2CH(OH)CH 3 )4; ethylenediaminetetraacetic acid trispropylene- 
glycol ester-N-2-hydroxyethylamide (NCH2CH2NXCH2CONHCH2CH2OH)- 
(CH 2 C02CH2CH(OH)CH 3 )3; ethylenediaminetetraacetic acid bispropyleneglycol ester-N-2- 
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hydroxyethyl diamide (NCH 2 CH 2 N)(CH 2 CONHCH2CH 2 OH) 2 (CH 2 C02CH2CH(OH)CH3)2; 
ethylenediaminetetraacetic acid trispropyleneglycol ester-N-2-aminoethyl amide 
(NCH 2 CH 2 N)(CH 2 CONHCH 2 CH 2 NH 2 )(CH 2 C0 2 CH 2 CH(OH)CH 3 )3; and ethylenediamine- 
tetraacetic acid trispropyleneglycol ester-N,N'-dipropylamide (NCH 2 CH 2 N)- 
(CH 2 CON(CH 2 CH 2 CH 3 ) 2 )(CH 2 C0 2 CH 2 CH(OH)CH 3 )3. Of the foregoing esters, 
ethylenediaminetetraacetic acid (EDTA) tetramethyl ester is preferred. 

[0018] The carboxylic acid ester utilized is generally dissolved in the aqueous carrier liquid in 
an amount in the range of from about 2% to about 20% by weight of the carrier liquid, 
preferably in an amount in the range of from about 5% to about 10%. 

[0019] The base capable of slowly catalyzing the hydrolysis of the ester and forming a 
carboxylic acid salt therewith which is suspended or dissolved in the aqueous carrier fluid 
includes, but is not limited to, urea and bases such as sodium hydroxide and sodium 
carbonate encapsulated in a material which slowly releases the bases in water. Of these, urea 
is preferred. The base utilized forms an anion which combines with the carboxylic acid of 
the ester to form a carboxylic acid salt after the carboxylic acid ester has hydrolyzed. For 
example, at a temperature above about 160°F, urea generates ammonium which combines 
with the carboxylic acid. At temperatures below about 160°F, urease enzyme can be 
included with the urea which slowly converts the urea to ammonia. The base utilized is 
generally included in the carrier liquid in an amount in the range of from about 0.5% to about 
5% by weight of the carrier liquid. When the base is urea and urease enzyme is included in 
the carrier liquid to convert urea to ammonia, the urease enzyme is included in an amount in 
the range of from about 0.025% to about 1% by weight of the carrier liquid. 
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[0020] As mentioned, the gravel mixed with the carrier liquid is usually graded sand, but it can 
also be particulate material such as bauxite, ceramics, glass and the like. Generally the 
gravel particles have a size in the range of from about 10 to about 70 mesh, U.S. Sieve 
Series. The size distribution ranges of the graded sand particles can be one or more of 10-20 
mesh, 20-40 mesh, 40-60 mesh or 50-70 mesh, depending on the particular size and 
distribution of formation solids to be screened out by the gravel pack. The gravel is 
generally mixed with the carrier liquid in an amount in the range of from about 10% to about 
60% by weight of the carrier liquid. 

[0021] As is well understood by those skilled in the art, the present invention may be utilized 
with gravel packs installed with or without sand screens, with or without a hardenable resin 
coating on the gravel for consolidating the gravel and in vertical, horizontal or deviated well 
bores. 

[0022] A preferred method of this invention for removing filter cake containing a bridging 
agent soluble in a carboxylic acid salt from a formation fluids producing zone penetrated by a 
well bore comprises the steps of: (a) introducing in an aqueous carrier liquid a carboxylic 
acid ester and a base capable of slowly catalyzing the hydrolysis of said ester and forming a 
carboxylic acid salt therewith into said producing zone; and (b) allowing said base to catalyze 
the hydrolysis of said carboxylic acid ester to form said carboxylic acid salt so that said 
carboxylic acid salt dissolves said bridging agent and said filter cake is removed. 

[0023] Another preferred method of this invention for placing a permeable gravel pack in a 
formation fluids producing zone penetrated by a well bore and for removing filter cake 
therefrom comprising a bridging agent which is soluble in a carboxylic acid salt comprises 
the steps of: (a) combining with an aqueous carrier liquid a carboxylic acid ester and a base 
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capable of slowly catalyzing the hydrolysis of the ester and forming a carboxylic acid salt 
therewith; (b) combining gravel with the carrier liquid; (c) introducing the carrier liquid 
containing the gravel into the producing zone to form a permeable pack of the gravel in the 
well bore adjacent thereto; (d) allowing the base to catalyze the hydrolysis of the carboxylic 
acid ester and to form the carboxylic acid salt therewith in the carrier liquid remaining in the 
producing zone and the carboxylic acid salt to dissolve the bridging agent whereby said filter 
cake is removed; and (e) producing formation fluids from the producing zone through the 
permeable gravel pack to the surface. 

[0024] As mentioned previously, the carboxylic acid salt soluble bridging agent can be calcium 
carbonate, magnesium dioxide, zinc oxide, zinc carbonate and calcium sulfate with calcium 
carbonate being preferred. The aqueous carrier liquid can be fresh water, unsaturated salt 
solutions and saturated salt solutions with unsaturated salt solutions being preferred. The 
carboxylic acid ester can be any suitable carboxylic acid ester with 
ethylenediaminetetraacetic acid (EDTA) esters being preferred. The carboxylic acid ester is 
dissolved in the aqueous carrier liquid in an amount in the general range of from about 2% to 
about 20% by weight of the carrier liquid. The base capable of slowly catalyzing the 
hydrolysis of the ester and forming a carboxylic acid salt therewith can be, but is not limited 
to, urea, and encapsulated sodium hydroxide or sodium carbonate. Of these, urea is 
preferred. The base is included in the aqueous carrier liquid in an amount in the range of 
from about 0.5% to about 5% by weight of the carrier liquid. The gravel mixed with the 
carrier liquid is preferably graded sand. 

[0025] Yet another preferred method of this invention for placing a permeable gravel pack in a 
formation fluids producing zone penetrated by a well bore to remove filter cake therefrom 
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comprising a calcium carbonate bridging agent which is soluble in a carboxylic acid salt 
comprises the steps of: (a) combining with an aqueous carrier liquid an ethylenediamine- 
tetraacetic acid tetramethyl ester and urea for slowly catalyzing the hydrolysis of the ester 
and forming an ethylenediaminetetraacetic acid ammonium salt therewith; (b) combining 
gravel with the carrier liquid; (c) introducing the carrier liquid containing the gravel into the 
producing zone to form a permeable pack of the gravel in the well bore adjacent thereto; 
(d) allowing the urea to catalyze the hydrolysis of the ethylenediaminetetraacetic acid 
tetramethyl ester and to form an ethylenediaminetetraacetic acid ammonium salt therewith in 
the carrier liquid remaining in the producing zone and the ethylenediaminetetraacetic acid 
ammonium salt to dissolve the calcium carbonate bridging agent; and (e) producing 
formation fluids from the producing zone through the permeable gravel pack to the surface. 
[0026] The aqueous carrier liquid is preferably an unsaturated salt solution and the ethylene- 
diaminetetraacetic acid tetramethyl ester is dissolved in the aqueous carrier liquid in an 
amount in the range of from about 5% to about 20% by weight of the carrier liquid. The urea 
is preferably dissolved in the carrier liquid in an amount in the range of from about 0.5% to 
about 5% by weight of the carrier liquid and the gravel is preferably graded sand. When the 
temperature in the producing zone is below about 160°F, a urease enzyme for accelerating 
the hydrolysis of the ester and forming the ethylenediaminetetraacetic ammonium salt is 
included in the carrier liquid. When used, the urease enzyme is included in the aqueous 
carrier liquid in an amount in the range of from about 0.025% to about 1% by weight of the 
carrier liquid. 

[0027] In order to further illustrate the methods of the present invention, the following 
examples are given. 
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Example 

[0028] The effect of ethylenediaminetetraacetic acid (EDTA) tetramethyl ester in combination 
with urea, urease and both urea and urease on the solubilization of calcium carbonate was 
tested in the laboratory. Samples were prepared comprised of a 2% by weight aqueous 
potassium chloride solution and 0.15 grams of calcium carbonate powder. A first sample 
contained only the potassium chloride solution and the calcium carbonate powder. To a 
second sample, 0.5 gram of urea was first dissolved in the potassium chloride solution 
followed by the addition of the calcium carbonate powder. To a third sample, 0.5 gram of 
urea was dissolved in the potassium chloride solution followed by 0.62 gram of EDTA 
tetramethyl ester and then the calcium carbonate powder. To a fourth sample, 0.5 gram of 
urea was dissolved in the potassium chloride solution followed by 0.62 gram of EDTA 
tetramethyl ester, 0.1 milliliter of urease and the calcium carbonate powder. The samples 
were maintained at ambient conditions (~ 70°F) for 30 days after which the amounts of 
calcium carbonate powder remaining in the samples were determined. The results of these 
tests are set forth in the table below. 



TABLE 











Amount of calcium 


Sample 


Amount of 


Amount of 


Amount of EDTA 


carbonate powder 


No. 


Urea, g 


Urease, ml 


tetramethyl ester, g 


remaining, % 


1 


0 


0 


0 


100 


2 


0.5 


0 


0 


100 


3 


0.5 


0 


0.62 


50 


4 


0.5 


0.1 


0.62 


0 



[0029J From the Table it can be seen that the carboxylic acid ester and the base comprised of 
urea and urease effectively dissolved the calcium carbonate powder. 
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[0030] Thus, the present invention is well adapted to carry out the objects and attain the ends 
and advantages mentioned as well as those which are inherent therein. While numerous 
changes can be made by those skilled in the art, such changes are encompassed within the 
spirit of this invention as defined by the appended claims. 

[0031] What is claimed is: 



13 



